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
3URPRWHU6HTXHQFH$QDO\VLVWKURXJK1R*DS0XOWLSOH6HTXHQFH
$OLJQPHQWRI0RWLI3DLUV
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7KH DGYDQFHPHQW LQ WKH VHTXHQFLQJ WHFKQRORJ\ KDV OHG WR H[SRQHQWLDO LQFUHDVH LQ WKH ELRORJLFDO VHTXHQFH GDWD
7KHUHIRUH WKHQHHG IRUPHWKRGVDQG WHFKQLTXHV WKDWDQDO\]H WKLV VHTXHQFHGDWDDUH LQGHPDQG $FHQWUDO WDVN LQ
DQDO\VLVRIWKLVGDWDLVVHTXHQFHDOLJQPHQW,QWKLVZRUNZHSUHVHQWDQHZPXOWLSOHVHTXHQFHDOLJQPHQWPHWKRGIRU
DQDO\]LQJ WKH VLPLODULW\KRPRORJ\H[LVWLQJ LQ WKHSURPRWHU VHTXHQFHV:HH[WUDFW WKHPRWLISDLU IHDWXUH IURP WKH
ELQDUL]HGSRVLWLRQVSHFLILFPRWLIPDWUL[3600RIHDFKSURPRWHUSDLURUVHWV:HWKHQFRPSDUHWKHFRXQWRIPRWLI
SDLUVEHWZHHQWKHSURPRWHUVHTXHQFHVWRILQGWKHVLPLODULW\7KHHIILFDF\RIWKHSURSRVHGPHWKRGLVWHVWHGRQWZR
GDWDVHWVREWDLQHGIURP1&%,7KHUHVXOWVREWDLQHGDJUHHZLWKRXUXQGHUVWDQGLQJRIRUJDQLVPVLPLODULW\
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶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.H\ZRUGV$OLJQPHQWVFRUH0XOWLSOH6HTXHQFH$OLJQPHQW3URPRWHUVHTXHQFHV6LPLODULW\6HTXHQFHFRPSDULVRQ
,QWURGXFWLRQ
'HWHFWLQJQRYHOQRQFRGLQJ'1$VHTXHQFHVZLWKSRWHQWLDOLPSRUWDQWIXQFWLRQVVWLOOUHPDLQVFKDOOHQJLQJIRUWKH
FRPSXWDWLRQDOELRORJLVWFRPPXQLW\3URPRWHU VHTXHQFHV DUHDSDUWRI WKHQRQFRGLQJ UHJLRQVRI'1$WKDWSOD\D
NH\ UROH LQ WKH SURFHVV RI WUDQVFULSWLRQ 2QH RI WKH PDMRU VWHSV LQ DQDO\VLV RI WKHVH VHTXHQFHV LV WKH VHTXHQFH
DOLJQPHQW $ GHWDLOHG VXUYH\ ZLWK D FRPSDUDWLYH DVVHVVPHQW DQG DQDO\VLV RI  VHTXHQFH DOLJQPHQW PHWKRGV LV
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6:DOLJQKDV
ORZHU 706FRUH ZKHQ FRPSDUHG WR 1HHGOHPDQ:XQVFK DOLJQPHQW DOJRULWKP 1:DOLJQ ZKLFK XVHV JOREDO
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DOLJQPHQW%/$67VHDUFKHVDUHEDVHGRQ LQFRPSOHWHKHXULVWLFZRUGVHDUFKZKLFKKDVD706FRUHORZHU WKDQ
WKH6:DOLJQ+RZHYHU%/$67LVWLPHVIDVWHUWKDQWKH6:DOLJQ>@
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6HTXHQFH$OLJQPHQWV06$V+RZHYHU0&RIIHHLVQRW WKHXOWLPDWHDQVZHUWRWKH06$SUREOHP>@7KHUHDUH
VHYHUDODOLJQPHQWWRROVDYDLODEOHEDVHGRQDYDULHGFRQFHSWV080PHU>@ZKLFKZRUNVRQWKHSULQFLSOHRIVXIIL[
WUHHHQKDQFHGVXIIL[DUUD\EDVHG9PDWFK>@DQG)0LQGH[EDVHG62$3>@DQG%:$6:>@)0LQGH[LV
PRVWZLGHO\XVHGGXHWRLWVVPDOOPHPRU\IRRWSULQW>@7KHSHUIRUPDQFHRIPRVWRIWKHVHGLVFXVVHGPHWKRGVZKHQ
DSSOLHGRQQRQFRGLQJ'1$VHTXHQFHVLVYHU\SRRU>@
,QFRPSOH[V\VWHPV WKH IXQFWLRQDO WUDQVFULSWLRQ IDFWRUELQGLQJVLWHV 7)%6ZLWKLQSURPRWHUVDUHNQRZQ WREH
RUJDQL]HGKLHUDUFKLFDOO\>@>@&RPELQDWRULDOELRORJ\VHHPVWREHWKHNH\WRXQGHUVWDQGLQJUHJXODWLRQLQKLJKHU
RUJDQLVPVZKHUHSURPRWHUIXQFWLRQLVGHWHUPLQHGPRUHE\WKHIXQFWLRQDOFRQWH[WZKHUHWKHELQGLQJVLWHVDUHORFDWHG
>@7KHVH UHJXODWRU\ VHTXHQFHVDUHRUJDQL]HG LQDPRGXODU IDVKLRQ RIWHQ UHIHUUHG WRDVFLV UHJXODWRU\PRGXOH
ZLWKHDFKPRGXOHHQKDQFHUFRQWDLQLQJRQHRUPRUHELQGLQJVLWHVIRUDVSHFLILFFRPELQDWLRQRIWUDQVFULSWLRQIDFWRUV
7)V7KHVHPRGXOHV KDYHELRORJLFDOO\ LPSRUWDQW VWUXFWXUHV WKDW KDYH FRQVWUDLQW ERWK LQ WKH QXPEHU DQG UHODWLYH
SRVLWLRQ RI WKH FRQVWLWXHQW PRWLIV >@ :H DWWHPSW WR FDSWXUH WKHVH VWUXFWXUHV WKURXJK WKH SURSRVHG DOLJQPHQW
DOJRULWKP 3HUIRUPLQJ JDSSHG DOLJQPHQW IRU VKRUW UHDGV LV FRPSXWDWLRQDOO\ FKDOOHQJLQJ DV DOORZLQJ D JDS VORZV
GRZQPRVWVHHGLQJDOJRULWKPV*DSSHGDOLJQPHQWLQFUHDVHVVHQVLWLYLW\EXWGRHVQRWUHGXFHWKHDOLJQPHQWHUURUV>@
8QOLNHPRVWRIWKHDOLJQPHQWDOJRULWKPVWKHSURSRVHGDOLJQPHQWPHWKRGGRHVQRWDOORZDQ\JDSWKHUHE\SUHVHUYLQJ
WKHSRVLWLRQLQIRUPDWLRQRIWKHPRWLIV7KLVLVDQLPSRUWDQWIDFWRULQWKHFRQWH[WRISURPRWHUVDQGDOVRPLQLPL]HVWKH
DOLJQPHQWHUURU
1RPHQFODWXUH
3600 3RVLWLRQ6SHFLILF0RWLI0DWUL[
06$ 0XOWLSOH6HTXHQFH$OLJQPHQW
6:6PLWK:DWHUPDQ
1:1HHGOHPDQ:XQVFK
7)%67UDQVFULSWLRQ)DFWRU%LQGLQJ6LWHV
7)V7UDQVFULSWLRQ)DFWRUV

0DWHULDOVDQG0HWKRGV
,QWKLVVHFWLRQZHGHVFULEHWKHZRUNLQJGHWDLOVRIRXUPRGHODQGWKHSURSRVHGDOJRULWKP7KHGHWDLOVRIWKHPRWLI
LQIRUPDWLRQ H[WUDFWLRQ GDWD SUHSURFHVVLQJ DQG FUHDWLRQ RI 3600 LV FOHDUO\ GHVFULEHG LQ >@7KH SURSRVHG
DOLJQPHQW DOJRULWKP  DQG WKH VWHSV LQYROYHG LQ REWDLQLQJ WKH DOLJQPHQW VFRUH DUH H[SODLQHG LQ GHWDLO LQ WKH QH[W
VHFWLRQ7KHSLSHOLQHRIWKHSURPRWHUVHTXHQFHDQDO\VLVLVVKRZQLQILJXUHDQGWKHGDWDUHSUHVHQWDWLRQDQGLWVIORZ
LVVKRZQLQILJXUH
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)LJ7KHGDWDIORZIRUWKHSURSRVHGPHWKRG
0RWLISDLUDOLJQPHQWFRPSXWDWLRQ±([DPSOH
8VLQJ %3600 RI WKH WZR SURPRWHUV 3 DQG 3 WKH DOLJQPHQW RI PRWLIV LQ 3 3 LV DV GHVFULEHG EHORZ
6XSSRVHWKH%3660RI3DQG3DUHDVJLYHQLQILJXUH)LJXUHVKRZVWKHELQDU\$1'RIWKHVHWZR%3600V
µ¶DW L  M LQ WKLVPDWUL[ LQGLFDWHVSUHVHQFHRIVDPHPRWLI  µ0L¶DWEDQG µ M¶)RUH[DPSOHµ¶DWSRVLWLRQ
LQGLFDWHV ERWK SURPRWHUV KDYH0 DW EDQG  UHJLRQ  µ¶ DW ,  M DQG N M LQGLFDWH SUHVHQFH RIPRWLIV
0L0NVHTXHQFHEHJLQQLQJDWEDQGµM¶)RUH[DPSOHµ¶DWSRVLWLRQVDQGLQGLFDWHVHTXHQFH00LV
SUHVHQW LQERWKSURPRWHUVEHJLQQLQJDWEDQG$OVRSUHVHQFHRI µ¶DW DQG  LQGLFDWH WKHSUHVHQFHRI
VHTXHQFH00EHJLQQLQJDWEDQG








)LJ7KHWZR%3600RISURPRWHUV3DQG3FRQVLGHUHGLQWKHH[DPSOH








)LJ%LQDU\$1'RIWKH%3600V3DQG3

359 Kouser and Lalitha Rangarajan /  Procedia Computer Science  58 ( 2015 )  356 – 362 
7KXVDOOLGHQWLFDOSDLUVRIRFFXUUHQFHVRIWZRPRWLIVDQGWKHLUVWDUWLQJEDQGVDUHFRPSXWHGDQGVKRZQLQWDEOH
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7DEOH3RVLWLRQVSHFLILFPRWLISDLULQIRUPDWLRQ
33     56XP
     

/DWHUZHREWDLQWKHFRXQWRISDLUVLQHDFKEDQGDQGWDNHWKHVXPRIWKHVHFRXQWVDVGHVFULEHGLQWDEOH7KLVVXP
LVWKHPHDVXUHRIDOLJQPHQWEHWZHHQWZRSURPRWHUV7KHVHVWHSVDUHUHSHDWHGIRUDOOSRVVLEOHSURPRWHUSDLUVLQWKH
LQSXW 7KLV UHVXOWV LQ DPDWUL[ RI DOLJQPHQW VFRUHV IRU DOO WKH SURPRWHU SDLUV LQ WKH VHW DV VKRZQ LQ WDEOH 7KH
DOLJQPHQWPHDVXUHVFRUHEHWZHHQ3DQG3 LV VDPHDVDOLJQPHQWVFRUHEHWZHHQ3DQG37KHUHIRUH WKH WRWDO
DOLJQPHQWVWREHSHUIRUPHGZLOOEHµ33¶LQQXPEHUZKHUHµ3¶LVWKHQXPEHURILQSXWSURPRWHUV
7KH PRWLI SDLU DOLJQPHQW FDQ EH H[WHQGHG WR DQ\ QXPEHU RI SURPRWHUV 7KDW LV WR VD\ WKDW PXOWLSOH VHTXHQFH
DOLJQPHQWLVSRVVLEOH7KH%3660RIDOOSURPRWHUVDUHµ$1'¶HGDQGWKHVWHSVRIWKHDOJRULWKPµ0RWLI$OLJQPHQW¶
GHVFULEHGLQWKHQH[WVHFWLRQ LVH[HFXWHG$OVRWKHDOJRULWKPFDQEHH[WHQGHGWRILQGWKHPRWLI WULSOHWTXDGUXSOHW
LQIRUPDWLRQDQGVRRQ'HWHFWLRQRIVHTXHQFHRISDLUVRIPRWLIVLQSURPRWHUVLVVDPHDVDOLJQLQJPRWLIVHTXHQFHVLQ
WKHJLYHQSURPRWHUV

$OJRULWKP0RWLI$OLJQPHQW
,QSXW%LQDUL]HG3600%3600RIVHWRISURPRWHUV
2XWSXW0DWUL[RIDOLJQPHQWGLVWULEXWLRQVRIDOOSDLUVLQWKHVHW
 )RUHYHU\SDLURISURPRWHUV
 )RUDOOEDQGVM WR1ZKHUHµ1¶ QXPEHURIEDQGV
 $OLJQPHQWB&RXQWM 
 )RUHDFKµ¶RQFROXPQMDQGµ¶LQFROXPQM
 $OLJQPHQWB&RXQWM $OLJQPHQWB&RXQWM
 (QGIRUDWVWHS
 )RUM WR1
 2XWSXW$OLJQPHQWB&RXQWM
 (QGIRUDW
(QGIRUDW
 (QG0RWLI$OLJQPHQW

5HVXOWVDQG'LVFXVVLRQ
,Q WDEOH  \RX PD\ REVHUYH WKDW WKH QXPEHU RI SDLUV RI PRWLI DOLJQPHQWV REWDLQHG IRU KLJKO\ VLPLODU VSHFLHV
H[DPSOH+XPDQDQG*RULOODDUHKLJK $OVR WKHQXPEHUVRIDOLJQPHQWV LQHDFKEDQGDUHDOPRVWVDPH$QRWKHU
LQWHUHVWLQJREVHUYDWLRQLV WKDWDOOVLPLODUSDLUVRIPRWLIVWKDWDUHGHWHFWHGLQ&KLPSDQ]HHDQG+XPDQDUHIRXQGLQ
UHJLRQLQWKHSURPRWHUVRIWKHWZRRUJDQLVPV7DEOHVXPPDUL]HVWKHWRWDOSDLUVRIPRWLIVGHWHFWHGDFURVV
DOOWKHRUJDQLVPV5RZRIWKLVWDEOHKDVWKHHQWULHVRIODVWFROXPQRIWDEOH7DEOHVKRZVWKHQXPEHURISDLUVRI
PRWLIVRFFXUULQJWRJHWKHULQWKHHQ]\PH+.DQGDOORWKHUHQ]\PHV,WPD\EHQRWHGWKDWQRWVLJQLILFDQWQXPEHURI
SDLUV RIPRWLIV DUH DYDLODEOH EHWZHHQ+. DQG RWKHU HQ]\PHV )XUWKHU WKHVH DUH GLVWULEXWHG DFURVV WKH SURPRWHU
UHJLRQ7DEOHVKRZVWKHWRWDOQXPEHURISDLUVRIPRWLIVGHWHFWHGLQDOOHQ]\PHVRI*O\FRO\VLVSDWKZD\
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